Objective: The aim of the study was to investigate the crude prevalence and estimated probability of undiagnosed diabetes in different ethnic groups, given the same level of obesity. Design and Subjects: Cross-sectional data from 24 515 men and 29 952 women, aged X30 years, and free of previously diagnosed diabetes were included. Baseline body mass index (BMI) and waist circumference were measured. Diabetes was defined according to both fasting and 2-h 75-g glucose criteria.
Introduction
Obesity is a well-known risk factor for type 2 diabetes. [1] [2] [3] [4] Diabetes prevalence is known to be higher in Asian Indians, intermediate in the Chinese and lower in the Europeans. [5] [6] [7] It has also been reported that Asian people have a higher body fat at the same body mass index (BMI) level 8 compared with the Europeans. What is not clear, however, is whether the association of diabetes with obesity is stronger for the Asians than for the Europeans. In this study, we have investigated the crude prevalence and the estimated probability of undiagnosed diabetes among different ethnic groups, given the same level of obesity in the DECODA (Diabetes Epidemiology: Collaborative Analysis Of Diagnostic Criteria in Asia) and DECODE (Diabetes Epidemiology: Collaborative Analysis Of Diagnostic Criteria in Europe) studies.
Materials and methods

Study population
In brief, researchers who had carried out epidemiological studies on diabetes and impaired glucose regulation using a standard 2-h 75-g oral glucose tolerance test (OGTT) were invited to participate in the DECODA and the DECODE studies. Details for the DECODA and DECODE study cohorts have been described elsewhere. 5, 9 Data of individual participants were sent to the Diabetes Prevention Unit (Department of Chronic Disease Prevention, National Institute for Health and Welfare, Helsinki, Finland) for the collaborative data analysis. Data from 30 participating studies in the DECODA and the DECODE studies from 11 countries in Asia and Europe, with 24 515 men and 29 952 women, aged X30 years, were included. These included the Chinese, Japanese, Asian Indians living in India, migrant Asian Indians living in Mauritius (as Mauritian Indians) and Europeans living in the different countries of Europe. The inclusion criteria of the cohorts for the current data analysis were as follows: (i) cohorts with anthropometric indicators for obesity, (ii) data on fasting and/or 2-h post-challenge glucose and (iii) individuals aged X30 years. Individuals with a prior history of diabetes were excluded because treatment for diabetes and duration of the disease could affect obesity. All studies were population-based with random sampling or community-based (Hisayama Study), except for two health check-up studies from Japan.
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Definition of diabetes To measure glucose level, blood samples were collected after an overnight fast. A 2-h 75-g OGTT was carried out in all cohorts. Plasma glucose was measured in most of the studies with a few exceptions (details in the Supplementary Table  S1 ). Before data were analyzed, the capillary and the wholeblood glucose concentrations were converted into plasma glucose concentrations according to the formulae described by Carstensen et al. 11 Oxidase or dehydrogenase methods for glucose were used in all cohorts. Detailed information on glucose assays for individual studies is presented in Supplementary Table S1 . Undiagnosed diabetes was defined as a fasting plasma glucose concentration of X7.00 mmol l À1 and/or a 2-h postload plasma glucose concentration of X11.10 mmol l
À1
, following a 75-g OGTT. 12 Obesity indices Waist circumference was measured at the midpoint between the lower margin of the rib and the iliac crest in centimeters except for the Cremona (at the umbilicus) and Hong Kong studies (between the umbilicus and the xiphoid process). Among the four Japanese studies, waist circumference was measured only in the Funagata 95-97 study, and thus the Japanese are not included in the data analysis for waist. BMI was calculated as weight in kilograms divided by the square of height in meters (kg m
À2
).
Statistical analysis of the data SPSS for Windows (version 15.01; SPSS Inc., Chicago, IL, USA) was used for data analysis. Mean values of the anthropometric indicators were estimated using the linear regression model adjusting for age and studies. Crude prevalence of undiagnosed diabetes was calculated for each study and for ethnic groups. Significant differences between the Europeans and each of the other ethnic groups were determined by w 2 test for crude prevalence of undiagnosed diabetes and by F-test for other continuous variables. Ideally, the same age ranges should be applied to make the comparison between different ethnic groups, but in the data analysis we set the youngest age boundary at 30 years and no ceiling for the oldest age was defined to avoid the underestimation of the prevalence of diabetes in the Europeans, because the peak prevalence of diabetes occurred later in the Europeans than in the Asians, particularly Asian Indians.
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All analyses were carried out separately for men and women. Individuals were classified into different categories of BMI or waist circumference according to the availability of data in the lowest and highest ends of the BMI or waist circumference distributions as shown in Figure 1 or Figure 2 . The interval for BMI was one unit (kg m
À2
) and that for the waist was 3 cm. The lowest category of BMI of p18 kg m À2 was chosen for the Asians because there were sufficient data, whereas there were almost no Europeans in the same low category. The opposite was true for the highest categories of BMI. Thus, different categories of BMI (or waist circumference) were used for the Asians and Europeans. Logistic regression analysis adjusting for study and age was used to estimate the probability of having diabetes. Each individual's probability was used to calculate the group mean of the probability within each BMI or waist circumference category for each ethnic group, and the results were plotted in Figures 1 and 2 . The mean difference between ethnic groups in probability at each category of BMI or waist circumference was tested using analysis of variance.
Logistic regression analysis adjusting for age was also carried out to estimate the b-coefficient corresponding to the sex-and study-specific 1 s.d. increase in BMI or waist circumference (the slope of the regression line or the strength of the association of diabetes with BMI or waist circumference) for the presence (vs absence) of diabetes in each ethnic group. The same analysis was carried out using natural logarithm of BMI or waist circumference and results did not change (data not shown). Interaction between ethnicity and BMI or waist circumference was tested on the basis of pooled data and the interaction term was not significant.
The homogeneity test using a null hypothesis that the b-coefficients are the same between ethnic groups was carried out using the method of Fleiss.
14 If the observed Prevalence of undiagnosed diabetes in different ethnic groups R Nyamdorj et al P-value o0.05 of the null hypothesis was rejected, it indicated that the risk of diabetes corresponding to the same increase in BMI (or waist circumference) was different in some populations than in others. Both the individual b-coefficients and the combined overall b-coefficients are plotted to allow a visual inspection. The overall b-coefficient was calculated applying the meta-analysis approach proposed by Fleiss.
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Results
Characteristics of the study cohorts are shown in Table 1 . There are variations in the mean BMI and waist circumference among studies, but on average the Europeans had a higher mean BMI of 27 kg m À2 and waist of 94 cm (men only)
than that of other ethnic groups. Europeans had a higher mean weight and were taller than other ethnic groups. Mean age ranged from 44 to 45 years in the Asian and Mauritian Indians, about 50-51 years in the Chinese, and from 55 to 57 years in the Japanese and Europeans. Mean BMI did not differ between men and women for a given ethnic group. Mean waist circumference was higher on average by 5 cm for men than for women in the Chinese, Japanese and Indians, but about 10 cm higher in the Europeans. Crude prevalence (total) of undiagnosed diabetes ranged from 9.5 to 13.2% among the Asian Indians living in India and Mauritius, from 4.7 to 10.2% in the Japanese and Chinese, and from 4.7 to 6.4% in the Europeans. Diabetes prevalence increased with increase in BMI or waist circumference in all ethnic groups. Prevalence of undiagnosed diabetes was higher in the Asian Indians than in the other ethnic groups at a given BMI or waist circumference category across the BMI or waist circumference categories (Figures 1 and 2 ). The ethnic differences in the prevalence of diabetes at each category of BMI or waist circumference were statistically significant (Po0.05 for all BMI or waist circumference categories) when tested using analysis of variance.
The b-coefficients corresponding to a 1 s.d. increase in BMI or waist circumference for undiagnosed diabetes were similar for men in all ethnic groups, as indicated by the overall homogeneity test (P 40.05 for both BMI and waist circumference) (Figures 3a and b) . Among women, the b-coefficients were lower for Asian Indian women than for others (Po0.001 for both BMI and waist circumference). 
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Discussion
This study shows that the prevalence of undiagnosed diabetes increased with increasing BMI or waist circumference to a similar degree in men but to a lesser degree in Asian Indian women than in others. At the same obesity levels, prevalence of undiagnosed diabetes was, however, the highest in the Indians, lowest in the Europeans and intermediate in the Chinese and Japanese. A number of studies showed ethnic differences in the prevalence 15, 16 and strength of association of diabetes with obesity after controlling for many covariates such as socioeconomic status and other lifestyle factors based on crosssectional [17] [18] [19] and prospective data. 20 Similar to our finding, investigators from Obesity in Asia Collaboration 21 have
shown that the proportion of individuals with diabetes for given categories of BMI, waist circumference or waist-to-hip ratio was consistently higher in the Asians than that in Caucasians from Australia. The same investigators showed that the association of diabetes with BMI was weaker in Asian men than in Caucasian men (Po0.02) and in Asian women than in Caucasian women (Po0.02). However, in that collaborative analysis, different ethnicities such as the Chinese, Japanese, Korean, Thai and Asian Indians were pooled together, thus representing the average of the Asians as a whole. The body sizes among the different Asian ethnic groups are, however, different. Higher rates of crude prevalence and estimated probabilities of diabetes were also reported in aboriginal men and women living in remote areas of Australia compared with other Australians for a given category of BMI. 22 Other studies based on the prospective data showed that the Chinese in China had a higher incidence of diabetes than the American Whites for the same categories of BMI, 23 but there was no difference between the Chinese and American Blacks. The strength of association of diabetes with BMI was also stronger in the Chinese in China than in the American Whites reflected by slope (Po0.05) in an analysis where men and women were pooled together. The high prevalence of diabetes for Asian Indians has been previously reported. [24] [25] [26] Our finding that the weaker association of undiagnosed diabetes with BMI or waist circumference in Asian Indian women regardless of the higher prevalence suggests that there might be other important biological factors rather than obesity that predispose them to a higher risk for diabetes. Plasminogen Prevalence of undiagnosed diabetes in different ethnic groups R Nyamdorj et al activator inhibitor-1 (PAI-1) has been reported to be inversely associated with glucose disposal rate in the Asian Indians but not in Caucasians; 27 given the same BMI, the age-matched apparently healthy Asian Indians were more insulin-resistant, had higher insulin levels and a poorer lipid profile, and had significantly greater total abdominal fat and visceral fat than the Caucasians. All these can increase the risk of diabetes and contribute to the higher prevalence of diabetes. The surrogate obesity markers such as BMI or waist circumference may not be sensitive measures for visceral adiposity in this ethnic group. For migrant Asian Indians from the United States, Abate and Chandalia 28 showed that excessive insulin resistance is the likely mechanism for the excess prevalence of diabetes in Asian Indians independent of obesity and fat distribution. Furthermore, the same investigators reported that gene ENPP1 121Q explained 29 and that the findings were further confirmed in Asian Indians living in India. 30 A recent report suggests that the Pro12Ala polymorphism of the PPARG gene, which is protective against type 2 diabetes and insulin resistance in the Europeans, may not be protective in Asian Indians. Thus, genetic differences could, at least in part, be the 'Asian Indian Phenotype' of increased susceptibility to type 2 diabetes. 31 As access to health care is affected by the economic development of a country, it might be speculated that more people with diabetes have been identified through the routine health-care system in the developed world than in the developing world, which may result in a lower prevalence of undiagnosed diabetes in Europe than in India and China. In our study, Asian Indians, however, had the highest prevalence of both undiagnosed and diagnosed diabetes in each age group, which has been previously reported by our group. 5, 13 In this study, we have also checked the prevalence of diagnosed diabetes as we did for undiagnosed diabetes, and the result showed that at a given BMI category, the prevalence of diagnosed diabetes was also the highest in Asian Indians, the lowest in Europeans and intermediate in others, exactly the same pattern as that observed for undiagnosed diabetes (data not shown).
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Because people with a long duration of diagnosed diabetes may have lost weight, which may bias the observation, we excluded diagnosed diabetes from current data analysis. From the clinical and public health point of view, the early detection and treatment of undiagnosed diabetes are of most importance and interest. The important strengths of the DECODA and DECODE studies are that individual participant data from each population rather than aggregate data were used, that all studies were population-based with random sampling and large sample sizes for a given ethnic group, and that diabetes was defined by both fasting and standard 2-h plasma glucose criteria using the 75-g OGTT in all studies. Furthermore, we had the opportunity to test the ethnic difference directly for both the prevalence, given the same BMI or waist circumference levels, and strength of association of diabetes with increasing BMI or waist circumference in a linear form.
A limitation of the study is that different measurement protocols for waist circumference have been applied in 2 of the 30 studies. Recently, a panel of experts has shown that waist measurement protocol has no influence on the association between waist circumference and all-cause and cardiovascular disease mortality, and between cardiovascular disease and diabetes in a systematic review of 236 samples from 120 studies. 32 A further limitation of the study is that we have included two health check-up studies from Japan to increase the statistical power for the Japanese. This might have overestimated the prevalence of undiagnosed diabetes for the Japanese but would not affect the observed relationship between obesity and diabetes. It has been noticed that the survey response rates vary between studies (see Supplementary Table) , with the lowest in Hong Kong, China and Ojika91, Japan studies. The difference between participants and nonparticipants was checked with regard to the socioeconomic and cardiovascular disease risk factors in the Hong Kong survey and no differences were found. 33 The low response rate seems not likely to affect the association of diabetes with obesity in this study. It should be borne in mind that the prevalence reported in these studies is an average of data from different studies performed over a longtime period from 1986 to 2006. The prevalence increased with time and the higher prevalence in the Asians than in the Europeans might be due to the fact that most of the Asian studies were carried out in the late 1990s or the beginning of 2000. However, when comparing the contemporary studies, we found that the prevalence of undiagnosed diabetes was still lower in the Europeans than in the Asians. Recently, a study including multiethnic populations showed a lower prevalence of type 2 diabetes for the Europeans than for the other ethnic groups in Hawaii and California. 34 Thus, the survey year is unlikely to bias the results substantially.
In conclusion, the prevalence of undiagnosed diabetes increased with increasing BMI or waist circumference to a similar degree in men but to a lesser degree in Asian Indian women than in others. At the same BMI or waist circumference level, the prevalence of diabetes was, however, the highest in Asian Indians and the lowest in the Europeans, and intermediate in others. This should be taken into account when making diagnostic criteria for obesity based on the BMI or waist circumference, and when producing intervention strategies to prevent diabetes through lifestyle changes.
